Background Obesity is a growing epidemic and has been associated with an increased frequency of complications after various surgical procedures. Studies also have shown adipose tissue to promote a microenvironment favorable for tumor growth. Additionally, the relationship between obesity and prognosis of soft tissue sarcomas has yet to be evaluated. Questions/purposes We sought to assess if (1) obesity affects survival outcomes (local recurrence, distant metastasis, and death attributable to disease) in patients with extremity soft tissue sarcomas; and (2) whether obesity affected wound healing and other surgical complications after treatment.
Methods A BMI of 30 kg/m 2 or greater was used to define obesity. Querying our prospective database between 2001 and 2008, we identified 397 patients for the study; 154 were obese and 243 were not obese. Mean followup was 4.5 years (SD, 3.1 years) in the obese group and 3.9 years (SD, 3.2 years) in the nonobese group; the group with a BMI of 30 kg/m 2 or greater had a higher proportion of patients with followups of at least 2 years compared with the group with a BMI less than 30 kg/m 2 (76% versus 62%). Outcomes, including local recurrence, distant metastasis, and overall survival, were analyzed after patients were stratified by BMI. Multivariable survival models were used to identify independent predictors of survival outcomes. Wilcoxon rank sum test was used to compare continuous variables. Based on the accrual interval of 8 years, the additional followup of 5 years after data collection, and the median survival time for the patients with a BMI less than 30 kg/m 2 of 3 years, we were able to detect true median survival times in the patients with a BMI of 30 kg/m 2 of 2.2 years or less with 80% power and type I error rate of 0.05. Results Patients who were obese had similar survival outcomes and wound complication rates when compared with their nonobese counterparts. Patients who were obese were more likely to have lower-grade tumors (31% versus 20%; p = 0.021) and additional comorbidities including diabetes mellitus (26% versus 7%; p \ 0.001), hypertension (63% versus 38%; p \ 0.001), and smoking (49% versus 37%; p = 0.027). Regression analysis confirmed that even after accounting for certain tumor characteristics and comorbidities, obesity did not serve as an independent risk factor in affecting survival outcomes.
Conclusions Although the prevalence of obesity continues to increase and lead to many negative health consequences, it does not appear to adversely affect survival, local recurrence, or wound complication rates for patients with extremity soft tissue sarcomas.
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Introduction
The prevalence of obesity has continued to increase during the previous four decades and currently is estimated to affect 32.2% of adult men and 35.5% of adult women in the United States [11] . In addition to being associated with various negative health consequences including increased incidence of cardiovascular disease, obesity has been shown to have an increased association with surgical complications. For example, in the case of total joint arthroplasties, some studies have reported increases in the postoperative complications such as acute renal insufficiency and increased incidences of pulmonary emboli [6, 27] . Additionally, patients who were obese had increased incidences of wound breakdown and infection and required readmissions for wound lavage and debridement [7, 17] . Obesity also has been correlated to increase the risk of soft tissue sarcomas [30] . Studies have revealed a link between a high fat diet and the formation of spontaneous liposarcomas through intermediaries such as overexpression of interleukin-22 [31] .
In addition to increasing postoperative complications, obesity has been shown to increase the complexity of the surgical procedure. General surgical patients with obesity experience increased operative time, greater blood loss, and, if surgery is done laparoscopically, greater conversion to open procedures [20, 25] . Investigations into the link between obesity and tumor growth have become an active area of research and preliminary studies have shown an association between obesity and cancer incidence and worse prognosis in certain cancer types such as breast and colon cancer, but not in soft tissue sarcomas to our knowledge [3, 33] .
In this study, we sought to assess the role that obesity plays in affecting prognosis of soft tissue sarcomas of the extremity. Specifically, we asked if (1) obesity affects survival outcomes (local recurrence, distant metastasis, and death attributable to disease) in patients with extremity soft tissue sarcomas; and (2) whether obesity affects wound healing and other surgical complications after treatment.
Patients and Methods
After obtaining institutional review board approval, a retrospective cohort study of a prospective database at a major sarcoma center was conducted to assess the role of obesity in affecting the survival outcomes in patients with extremity soft tissue sarcomas. Patients undergoing surgical resection of soft tissue sarcomas at our institution between January 2001 and December 2008 were identified based on a retrospective review and were considered for the study. This period was chosen to achieve 5 years followup. Patients were excluded from the study if they were younger than 18 years, if they lacked adequate medical records, and if they had a tumor with good prognosis and borderline malignancy (such tumors included desmoid tumors and dermatofibrosarcoma protuberans) [4] . A total of 397 patients met criteria for inclusion in this study.
Patients were stratified into two groups based on their BMI; if their BMI was 30 kg/m 2 or greater, they were classified as obese. Patients with a BMI less than 30 kg/m 2 were classified as not being obese. A total of 397 patients were included in this study. Of these, 154 patients were classified as being obese (BMI C 30 kg/m 2 ) and the remaining 243 patients were classified as not being obese (BMI \ 30 kg/m 2 ). The prevalence of obesity among adults in Tennessee in 2010 was 31.7% [13] . Mean followup was 4.5 years (SD, 3.1 years) in the obese group and 3.9 years (SD, 3.2 years) in the nonobese group; the group with a BMI of 30 kg/m 2 or greater had a larger proportion of patients with followup of at least 2 years compared with patients with a BMI less than 30 kg/m 2 (76% versus 62%; p = 0.003). No patients were excluded owing to followup limitations.
Patient demographics and tumor characteristics collected included age at the time of surgery, sex, and race. Tumor characteristics consisted of size, depth (superficial or deep to the fascia of the underlying muscle), site (upper or lower extremity), grade (low, intermediate, or high), and histologic subtype. Staging of the patients also was performed per the guidelines recommended by the American Joint Committee on Cancer (AJCC) [8] . Margins either were recorded as positive or negative for each patient after definitive surgery. A positive margin was defined as the presence of malignant cells at the inked margin. Additionally, the excision status was noted for each patient; that is, if a patient presented for resection of a soft tissue sarcoma before excision, they were categorized as having a primary excision; if a patient presented after an unplanned excision elsewhere, the patient was categorized as having undergone a secondary excision. Additionally, whether they received radiotherapy was recorded. Chemotherapy, also noted, was administered to the patient at the discretion of the multidisciplinary oncology team consistent with current standards of care in our institution. Most instances of chemotherapy consisted of anthracycline-based regimens and were reserved for patients with Stage IV carcinoma with metastatic disease. Medical comorbidities such as the presence of hyperlipidemia, hypertension, diabetes mellitus, and chronic obstructive pulmonary disease (COPD) also were abstracted from the preoperative anesthesia clearance done before definitive resection.
Smoking and alcohol abuse also were noted. After surgery, if patients had any wound complications develop (defined as hospitalization within 6 months postoperatively for a wound problem, wounds requiring irrigation and débridement, or infections treated with antibiotics on an outpatient basis), these incidences were recorded through a retrospective review of the medical record. Disease status, death resulting from soft tissue sarcoma, distant metastasis, and local recurrence were recorded. The time from the index surgery to each outcome listed was measured for all patients.
Patient demographics, tumor characteristics, and prognostic outcomes were compared across groups using Wilcoxon rank sum tests for continuous variables and chisquare or Fisher's exact tests. Survival curves for diseasefree survival and metastasis-free survival were calculated and presented using the Kaplan-Meier method [19] .
The primary endpoint of the study was designated as death resulting from sarcoma for the disease-free survival curve. Death was treated as a censored observation for patients who died from a cause not directly related to their soft tissue sarcoma. Such censored deaths included patients who died of comorbidities during no-evidence-of-disease status. If patients had active disease at time of their death, their death was not treated as censored. Gray's test was calculated and used to compare the disease-specific hazards of death [14, 15] . Log-rank test was used to compare the hazard of distant metastasis and local recurrence between the two groups (BMI C 30 kg/m 2 versus BMI \ 30 kg/ m 2 ). In addition to univariate comparisons, multivariable regression analyses were used to take into account potential confounders [10] . This hazard ratio model examined obesity as the main independent predictor of survival outcomes after controlling for certain tumor characteristics, demographics, and other medical comorbidities that such patients typically have.
Statistical Methods
Demographic and clinical variables including risk factors were summarized and compared for patients in each category as mentioned. Descriptive summaries of continuous variables were presented in terms of interquartile range, whereas discrete variables were summarized in terms of frequencies and percentage. Wilcoxon rank sum test and chi-square test were used to do statistical comparisons. Survival curves for disease-free survival were calculated using competing risk analyses. The primary endpoint of the study was designated as death resulting from sarcoma. Death was treated as a competing risk for patients who died from a cause not directly related to their soft tissue sarcoma. Gray's test was calculated and used to compare the disease-specific cumulative incidence of death [14, 15] . In addition to univariate comparisons, multivariable regression analyses were used to take into account potential confounders such as tumor size, grade, and other comorbidities [10] . These models examined pertinent variables as the main independent predictor of survival outcomes after controlling for potentially confounding variables. Statistical software R (Version 1.15.1; R Foundation for Statistical Computing, Vienna, Austria) was used for all data analysis. Reported p values were two-sided and a p value less than 0.05 was considered significant.
Statistical Power
A post hoc power analysis was performed. Based on the accrual interval of 8 years, the additional followup of 5 years after data collection, and the median survival time for the group with a BMI less than 30 kg/m 2 of 3 years, we were able to detect true median survival times for the patients with a BMI of 30 kg/m 2 or greater of 2.2 years or less with 80% power and type I error rate of 0.05.
Results

Survival Outcomes
There were no differences between patients who were obese or nonobese in terms of the proportion who experienced local recurrence (10% versus 16%; p = 0.14), distant metastasis (28% versus 30%; p = 0.59), and death secondary to their sarcoma (23% versus 24%; p = 0.55) ( Table 1) . Additionally, the rate to local recurrence (p = 0.07, log-rank test) ( Fig. 1 ), distant metastasis (p = 0.26, log-rank test) ( Fig. 2) and death attributable to sarcoma (p = 0.75, Gray's test) ( Fig. 3) were no different between patients who were obese or nonobese. After controlling for factors such as patient age, sex, tumor size, grade, medical comorbidities and wound complications, we were able to determine which factors were independent predictors of survival. Obesity was not a predictor of sarcoma-specific death (p = 0.22), distant metastasis (p = 0.395), or local relapse (p = 0.13) ( Table 2 ).
Other Predictors of Survival Outcomes
After controlling for potentially confounding variables, as described above, we found that increasing age (p = 0.015), tumor size (p \ 0.0001), and tumor grade (p \ 0.0001) all increased the hazard of death attributable to sarcoma (Table 2) . Sex, positive margins, and all comorbidities tested including smoking, alcohol abuse, diabetes mellitus, hyperlipidemia, hypertension, COPD, and wound complications failed to have a significant effect on sarcomaspecific death. In analyzing distant metastasis, male sex (p = 0.0189), increasing tumor size (p \ 0.0001), and tumor grade (p \ 0.0001) increased the hazard of distant metastasis. Age, margin status, and all comorbidities tested failed to have a significant effect on distant metastasis. In analyzing local recurrence, we found that the only factor that increased the hazard of local recurrence was a positive margin after definitive resection. Positive margins increased the hazard of local recurrence by a factor of 4.45 (p \ 0.0001). No differences were found in race (p = 0.35), sex (p = 0.52), tumor site (p = 0.84), stage (p = 0.18), or histology subtype (p = 0.72) between patients who were obese or nonobese (Table 3 ). Excision status (p = 0.70) and differences in microscopic margin status (p = 0.42) between patients who were obese or nonobese also were insignificant. Receipt of radiotherapy and chemotherapy were not different between the two groups (p = 0.84 and p = 0.60 respectively). Important differences were found in age (patients who were obese were younger compared with patients who were not nonobese, 54 years versus 60 years; p = 0.01) and tumor grade (31% of patients who were obese had a Grade 1 tumor, whereas only 20% of patients who were nonobese had a Grade 1 tumor; p = 0.02).
No differences were found in the proportion of patients with hyperlipidemia (p = 0.21), alcohol abuse (p = 0.52), or wound complications (p = 0.25) between patients who were obese or nonobese (Table 4 ). However, patients who were obese had a greater proportion of diabetes and hypertension. Twenty-six percent of patients who were obese also had diabetes, whereas only 7% of patients who were nonobese had diabetes (p \ 0.001). Similarly, 63% of patients who were obese had hypertension, whereas only 38% of the patients who were nonobese had hypertension (p \ 0.001). There was a greater prevalence of smoking among patients who were obese (49% among patients who were obese versus 37% among patients who were nonobese; p = 0.027). In analyzing COPD, patients who were nonobese had a greater prevalence of the disease compared with patients who were obese (5% versus 1%; p = 0.038).
Discussion
Obesity has increased in prevalence worldwide [1, 11, 18] . Apart from increasing the risk of cardiovascular disease, stroke, obstructive sleep apnea [21, 32] , obesity has been found to increase the complexity and complications from surgical procedures such as total joint arthroplasties [22, 23] . It also has been linked to breast, colon, and endometrial cancers [28] . Adiponcosis is a recently proposed term to describe the link between obesity and cancer [2] . It was reported that adipocyte tissue expansion associated with obesity results in increased infiltration of immune cells and release of associated proinflammatory and growth factors that creates a microenvironment favorable for tumor growth [5] . We sought to assess the relationship between obesity and survival outcomes in patients with soft tissue sarcomas of the extremity as, to our knowledge, the relationship between obesity and survival has not been evaluated in these tumors.
This study had some limitations. Patients in this study were classified as being obese if their BMI was greater than 30 kg/m 2 . BMIs of patients were collected at the time of definitive surgery. However, BMI is a dynamic and not a static variable and has the potential to change with time. Thus, change in weight with time has the possibility to affect outcomes for some patients. BMI also was a surrogate for measuring obesity as the local area of surgery might not always correlate with BMI. Measuring the fat layer at the site of surgery might provide additional information regarding the relationship between survival outcomes and obesity and deserves further study. There was differential followup between our two groups with the obese group having a longer followup. This would have made it more likely to detect complications and survival endpoints in this group. This group also was not further stratified into subgroups such as morbidly obese (BMI [ 35 kg/m 2 ) or super obese (BMI [ 40 kg/m 2 ), and results in those subgroups might be different and deserve further No differences were seen in the proportion or rate of distant metastasis between patients who were obese or nonobese. Additionally, no differences in disease-free survival and local recurrence were seen. Only certain cancers such as esophageal, colon, liver, endometrial, and postmenopausal breast cancers have been found to have a poorer survival profile associated with obesity [26, 29] . These associated cancer subtypes primarily are epithelialbased carcinomas. In addition to not having any survival differences, as seen in our study, patients who are obese and have a soft tissue sarcoma also had a lower proportion of high-grade tumors compared with their nonobese counterparts. Perhaps the biologic features of a soft tissue sarcoma might be more resistant to the proinflammatory cytokines released in the tumor microenvironment by the hypertrophied adipocytes in patients who are obese. However, additional studies are needed to further evaluate the responses seen in soft tissue sarcomas exposed to the proinflammatory state created with obesity. Obesity has been reported to increase the complexity of surgical procedures. For example, in the case of colorectal cancer resections in patients who are obese, the surgical complexity has been reported to be much greater compared with surgery for patients who are nonobese [20] . Similarly, in the case of total joint arthroplasties, patients who are obese have been reported to have more intraoperative complications [9, 16, 24] . Presumably owing to the hypertrophied adipose tissue surrounding and abutting the surgical site and complicating the surgical procedure, increases in the complexity and complications from the surgery were reported in these studies [9, 16, 24] . However, in our study, obesity did not seem to have an effect on the quality of the surgical resection. The frequencies of patients with positive margins were comparable between the two groups. Additionally, frequencies of patients having wound complications after resection, including wound dehiscence and wound infections, were comparable. This may be attributable to the high rates of wound complications inherent in sarcoma resection in all patients owing to adjuvant therapies such as radiation and large dissection planes required for tumor removal [12] . Thus, although obesity might increase the complexity of certain procedures such as the insertion of prosthetic implants and might lead to early implant failure in such patients after resection, it does not seem to affect the quality of resection of the malignant neoplasm, at least for soft tissue sarcomas that do not involve resection of bone or require implants.
Obesity continues to become more common worldwide and causes increases in the frequency of numerous medical conditions, including cardiovascular disease, stroke, and obstructive sleep apnea. However, we found obesity was not associated with poorer survival in patients with soft tissue sarcomas or with increased frequency of positive margins or wound complications.
